
ͷ

���ǤǣȋͬͭͮͯͰͱͲͳʹ͵Ȍ

Scientific RepoRtS |        (2020) 10:15647   | �����ǣȀȀ���Ǥ���ȀͷͶǤͷͶ͹;Ȁ�ͺͷͻͿ;ǦͶ͸ͶǦͽ͹ͷͿ͹Ǧ�

www.nature.com/scientificreports

chemical composition 
and antimicrobial activity 
of essential oils obtained 
����������������ƪ���������Salvia 
hydrangea Dc. ex Benth.
Mansureh Ghavam  ͷ*, Maria Letizia Manca  ͸, Maria Manconi͸ & Gianluigi Bacchetta͸ǡ͹

�������������������������������������������������������������������������������������������ơ�������
in treating fungal and bacterial infections. Among others, Salvia hydrangea is an endemic half-shrub 
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by means of gas chromatography/mass spectrometry (Gc/MS) and the antimicrobial properties 
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Gram-negative bacteria Pseudomonas aeruginosa�ȋ����̵ �ͷͼ�σ�Ȁ��Ȍǡ�Shigella dysenteriae and Klebsiella 
pneumoniae�ȋ����̵ �ͼ͸�σ�Ȁ��ȌǤ����������ǡ��������������������������������������������������ƪ���������S. 
hydrangea may have potential application as bactericidal agents against some bacteria.

Essential oils are mainly composed of aromatic and volatile compounds and can be obtained from di!erent 
parts of plants, especially the leaves and  "owers1. Indeed, in plants, they are either secreted directly from the 
protoplasm by the degradation of cell membrane and resin materials or by the hydrolysis of some  glycosides2. In 
particular, glycosides produced by di!erent species of plants and stored in di!erent organs have a strict relation-
ship with biosynthesis, metabolism and biological activity and are mostly a!ected by the environmental climatic 
 conditions3. Essential oils are usually rich in terpenes, sesquiterpenes, esters, aldehydes, phenols, ethers and 
 peroxides3,4; they are mostly colorless or yellowish, less dense than water and soluble in organic  solvents5. #ey 
are widely used in various industries, including the food and cosmetic industries among  others6. Moreover, since 
ancient times, they have been widely used for the treatment of di!erent disorders thanks to their well-known 
antioxidant, antimicrobial and antifungal  properties7–9. Currently, essential oils have been proposed and tested 
in alternative medicine, especially as antimicrobial and antifungal products. Indeed, there is increased demand 
for safe and e!ective plant-derived bioactives as an alternative to antimicrobial synthetic drugs because their 
widespread and continuous use has led to the modi$cation of microbes that have become resistant, thus reducing 
the therapeutic e!ect of these  drugs10. Essential oils derived from plants have demonstrated promising antimicro-
bial therapeutic e!ects, which are generally accompanied by reduced side  e!ects11. #ey have been screened and 
used in pharmacology, herbal pharmacology, medical microbiology and  phytopathology12 especially because of 
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their known insecticidal, antifungal, anti-parasitic, antibacterial, antiviral, antioxidant and cytotoxic  properties13. 
#ese activities are related to the lipophilic nature of the hydrocarbon skeleton and of the functional groups of 
the bioactives. Indeed, the hydrophobic properties of the bioactives facilitate their interaction with bacteria and 
entrance into the cell, where they can exert their therapeutic e!ect. Rod-shaped cells and Gram-positive bacteria 
seem to be more sensitive than Gram-negative bacteria to these  bioactives5,14.

Lamiaceae Martinov is one of the largest plant families in the world (~ 252 genera and 6700 taxa) and has the 
main di!erentiation center in the Mediterranean and Irano-Turanian biogeographic  regions15–18. #e majority of 
Lamiaceae produce terpenes and a wide variety of other compounds, which are mainly stored in the epidermal 
glands of leaves, stems and reproductive  organs19.

One of the most important genera of Lamiaceae is Salvia L. with about 900 species worldwide and more 
than 70 species in Iran, 17 of which are endemic and exclusive to  Iran20,21. Salvia, the name of which is derived 
from the word salwar which means healer, has been traditionally used as an anti-toxin and a restorative, aimed 
at strengthening the health and extending the longevity of both humans and  soul22. #e essential oils of Salvia 
species contain various bioactives such as terpenoids, steroids, "avonoids and polyphenols among  others23 and 
their concentration varies as a function of the part of the plant  used24. Indeed, many Salvia species and their 
essential oils are commonly used in pharmaceutical and cosmetic products or used as additives for foods (sea-
sonings and "avors)25,26.

Previous studies reported that the main components contained in the essential oils from S. hydrangea DC. ex 
Benth. depend on the part of the plant used and the collection zone. Caryophyllene oxide and β-caryophyllene10,27; 
and β-caryophyllene, 1,8-cineole, α-pinene and caryophyllene  oxide28 have been identi$ed by di!erent authors. 
Naphthalene, 1,8-cineole, camphor and α-terpineol are the main bioactives contained in plants at 2000 m above 
sea level, while 1,8-cineole, camphor, β-pinene, naphthalene and α-amorphene are those contained in plants at 
1100 m above sea  level29. Camphor, α-humulene30, α-pinene, 1,8-cineole, trans-caryophyllene and  camphene31 
have been found in the essential oil from aerial parts of S. hydrangea and 1,8-cineole, caryophyllene oxide, 
α-pinene and β-pinene32 are the major compounds detected in oil obtained only from the leaves of this plant.

#e oil obtained from S. hydrangea "owers shows an in vitro anti-malarial e!ect due to the presence of high 
levels of pentacyclic triterpenes (mainly oleanic acid) that inhibit the growth of the malaria  pathogen33. #e 
essential oil from the aerial parts of S. hydrangea is e!ective against di!erent  bacteria10,28,30.

#e present study aimed to investigate essential oil from both leaves and "owers of Iranian S. hydrangea. To 
this purpose, the chemical composition of oils has been determined and compared. Moreover, the variations in 
yield and antimicrobial activity as a function of the composition have been evaluated.

Materials and methods
plant material.  To select the sampling region, at $rst, habitats of the plant were identi$ed through $eld 
surveys. #en, Daran region, located in Isfahan, Iran was selected (longitude: E 46° 4902 މɼ; latitude: N 36° 54މ 
170ɼ). To sample the studied plant, in June 2018, coinciding with "owering, three points were selected randomly 
from Daran region. At each point, leaves and "owers of S. hydrangea were collected randomly from di!erent 
plants (100 plants at each point). #e specimens were transferred to the laboratory a(er being harvested and 
then exposed to free air to dry. One sample of the whole plant was also collected and pressed. #e specimens 
were identi$ed and recorded in the herbarium of the University of Kashan.

isolation of essential oils.  A(er complete drying, the samples were ground using a small electric mill. 
Each dried plant was weighed (100 g) and subjected to the extraction process by means of water distillation using 
Clevenger apparatus (made in Germany) for 5 h. #e essential oil was dried by anhydrous sodium sulfate and 
a(er $ltration was stored in dark bottles at 4 °C until use for further studies. Essential oil yield was calculated 
based on weight percent (w/w). #is process was repeated three times for the oil from each plant part.

Gas chromatography/mass spectrometry (Gc–MS) analyses.  #e main bioactives contained in the 
essential oils were determined by means of GC–MS, using an Agilent 6890 chromatograph coupled with an 
N-5973 mass spectrometer. A capillary column (HP-5MS) with a 5% methylphenylsiloxane static phase (length 
30 m, internal diameter 0.25 mm, static layer thickness 0.25 μm) and ionization energy of 70 eV was used. #e 
temperature for the analyses was $rst set at 60 °C and then increased at a rate of 3 °C/min up to 246 °C. #e 
injector and detector temperatures were maintained at 250 °C, the volume of the injected sample was 1 µL and 
the helium carrier gas was maintained at a "ow rate of 1.5 mL/min. Identi$cation of chemical components was 
based on analysis of the chromatograms obtained for each oil, by means of evaluating the retention indices (RI) 
in comparison with standards of n-alkane mixtures (C8–C20) and the mass spectral data of each peak using 
a computer library (Wiley-14 and NIST-14 Mass Spectral Library), and comparison of the results with those 
contained in the  literature34.

Bacterial strains tested.  Twelve microorganisms, provided by the Iranian Research Organization for Science 
and Technology (IROST), were used to evaluate the antimicrobial activity of the essential oils: three Gram-positive 
bacteria, Staphylococcus epidermidis (ATCC 12228), Staphylococcus aureus (ATCC 29737) and Bacillus subtilis 
(ATCC 6633), and six Gram-negative bacteria, Klebsiella pneumoniae (ATCC 10031), Shigella dysenteriae (PTCC 
1188), Pseudomonas aeruginosa (ATCC 27853), Salmonella paratyphi-A serotype (ATCC 5702), Proteus vulgaris 
(PTCC 1182) and Escherichia coli (ATCC 10536). Fungal strains were used as well: Aspergillus niger (ATCC 16404), 
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Aspergillus brasiliensis (PTCC 5011) and Candida albicans (ATCC 10231). Bacterial strains were cultured overnight 
at 37 °C in nutrient agar and fungi were cultured overnight at 30 °C in Sabouraud dextrose agar.

�������ơ������������Ǥ� #is procedure was performed according to CLSI standards: 6.0 mm diameter 
well plates containing Müller Hinton agar were prepared and 100 µL of bacterial suspension with a half-McFar-
land turbidity equivalent in culture medium were cultured. #e essential oils were dissolved in dimethyl-sulfox-
ide (DMSO) at a concentration of 30 mg/mL; 10 μL (equivalent to 300 μg) of each oil was poured into the wells. 
#e plates were incubated at 37 °C for 24 h for bacterial strains and 48 h and 72 h at 30 °C for yeast and fungi, 
respectively, and antimicrobial activity was evaluated for each microorganism by measuring the diameter of the 
inhibition halo (in millimeters), according to an antibiogram ruler. To evaluate the repeatability of the results, 
three replicates were performed for each essential oil and each strain. DMSO was used as a negative control. 
Gentamicin (10 µg/disk) and rifampin (5 µg/disk) for bacteria and nystatin (100 I.U.) for yeast were used as 
standard drugs for positive control in the same conditions as tested oils.

Minimum inhibitory concentration (Mic).  #e minimum concentration able to inhibit the growth of 
bacteria and yeast was calculated by means of a microdilution method and for fungal strains was calculated by 
agar dilution assay. Essential oils (2000 μg/mL) were dissolved in a mixture of tryptic soy broth medium and 
DMSO and then opportunely diluted, using the same mixture, to reach di!erent concentrations (1000, 500, 250, 
125, 62.5, 31.25, and 15.63 mg/mL).

Sterile 96-well microplates were $lled with 95 µL of culture medium, 5 µL of bacterial suspension with 0.5 
McFarland dilution and 100 µL of the essential oil at di!erent concentrations. #en, plates were incubated at 
37 °C for 24 h for bacterial strains and 48 h at 30 °C for yeast. #e MIC was determined by means of the improve-
ment of opacity or the change in color. #e MIC was the lowest concentration of an antimicrobial that inhibited 
visible growth (absence of turbidity).

Minimum bactericidal concentration (MBc).  To determine the minimum concentration able to kill the 
bacteria, the same microdilution method described above was used. A(er 24 h of incubation with both bacteria 
and oils at di!erent concentrations, 5 µL of the content of each well was inoculated with nutrient agar medium 
and incubated at 37 °C for 24 h for bacterial strains. A(er incubation, the colony-forming units were enumer-
ated. #e MBC was the lowest concentration able to e!ectively reduce the growth of microorganisms (99.5%).

Statistical analysis.  Statistical analysis was performed using SPSS so(ware. First, the normality of the sta-
tistical variables was investigated using a Kolmogorov–Smirnov test. A(er that, to ensure the normality of the 
data, the variance was analyzed using one-way analysis of variance (ANOVA). Comparison of the means was 
performed using a Duncan test with a probability level of 5% error.

Results and discussion
chemical composition of essential oils.  #e leaves or "owers of S. hydrangea were separately distilled 
by steam, resulting in two light yellow essential oils. #e yield from leaves was ~ 0.25% and that from "owers 
was ~ 0.28%, lower than those obtained in previous studies based on extraction of the aerial parts of this plant, 
but it can be connected to both the species used and climatic growth  conditions28–31. Indeed, secondary metabo-
lites are generally synthetized in plants as they represent the most important defense mechanisms against patho-
gens; the amount produced along with the quality may vary as a function of habitat, the organ in which they are 
produced and climate  conditions35,36. #ese di!erences are most likely due to di!erences in chemotype, which 
are also connected to environmental and climate  conditions37. GC/MS analyses showed that the chemical com-
position of essential oils was similar even though oil from leaves contained 39 components and that from "owers 
only 27. #ey represent 99.96% and 97.85% of all the compounds, respectively (Table 1). #e results obtained 
for "ower oil are in agreement with previous studies in which the number of compounds in the aerial parts of 
this plant varied from 33 to  5428,30,31. Di!erently, Ghannadi et al.32 identi$ed 13 compounds in the essential oil 
obtained from the leaves of this plant species, which represent a small part of those detected in this study. As 
previously underlined, this di!erence may be due to growth, genetic and environmental  factors38.

#e most representative volatile constituents of S. hydrangea essential oils were oxygenated sesquiterpenes 
(28.58% in leaf oil and 48.33% in "ower oil), in accordance with previous  results39. Oxygenated monoterpenes 
were also present but in lower amounts (27.81% in leaf oil and 16.38% in "ower oil), but these results were not 
in agreement with those obtained by Kotan et al.30, who detected a higher amount of these compounds. #ese 
di!erences may be related to the timing of plant collection and the ecological  conditions38.

#e ANOVA results showed that there was a signi$cant di!erence between the mean of the components 
obtained for each of the essential oils of S. hydrangea "owers and leaves (P ≤ 0.05). #e most abundant compo-
nents in the essential oil from leaves were (+)-spathulenol (16.07%), 1,8-cineole (13.96%), trans-caryophyllene 
(9.58%), β-pinene (8.91%), β-eudesmol (5.33%), camphor (4.06%) and α-pinene (3.61%) (Table 1 and Fig. 1), in 
accordance with the $ndings of Ghannadi et al.32. However, (+)-spathulenol, β-eudesmol, trans-caryophyllene 
and camphor were detected for the $rst time in this study. Again, habitat and climate changes may a!ect the 
composition of the extractive products, as growth and growth stages, farming and genetic characteristics may 
vary  signi$cantly40.

#e most abundant component in the essential oil from leaves was spathulenol, an alcoholic sesquiterpene 
with a primary skeleton similar to that of azulene. It has antibacterial and antifungal properties along with anti-
in"ammatory and anti-cancer activity and is also considered an inducer of  apoptosis41. Spathulenol can be also 
used as a pesticide.
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Table 1.  Bioactives contained in essential oils from leaves and "owers of S. hydrangea. a Retention indices (RIs) 
relative to n-alkanes (C6–C40) on the same methyl silicone capillary column. Values with di!erent letters are 
statistically di!erent (Duncan, p ≤ 0.05).

No. Compound (%) RIa

Relative percentage
Molecular formulaLeaf Flower

1 α-#ujene 863.546 0.45 ± 0.00u – C10H16

2 α-Pinene 871.921 3.61 ± 0.00h 1.78 ± 0.01m C10H16

3 Camphene 888.669 2.53 ± 0.00j 0.83 ± 0.00q C10H16

4 β-Pinene 914.238 8.91 ± 0.00d 4.98 ± 0.00d C10H16

5 β-Myrcene 920.198 0.62 ± 0.01t – C10H16

6 α-Terpinene 942.715 0.31 ± 0.00wx – C10H16

7 1,8-Cineole 957.615 13.96 ± 0.00b 9.54 ± 0.00b C10H18O
8 1,3,6-Octatriene 966.556 0.42 ± 0.02uv – C8H12

9 γ-Terpinene 977.152 0.67 ± 0.00t 0.52 ± 0.00t C10H16

10 α-Terpinolene 1001.587 0.27 ± 0.00x 1.28 ± 0.00o C10H16

11 Linalool 1013.756 2.24 ± 0.06k 1.70 ± 0.02m C10H18O
12 Camphor 1046.031 4.06 ± 0.00f 3.33 ± 0.00g C10H16O
13 Borneol 1065.343 3.89 ± 0.00g 0.96 ± 0.02p C10H18O
14 α-Terpinen-4-ol 1070.105 0.95 ± 0.01qr 0.85 ± 0.02q C10H18O
15 α-Terpineol 1081.481 1.12 ± 0.02o – C10H18O
16 (−)-Bornyl acetate 1136.298 1.76 ± 0.01m 1.90 ± 0.02l C12H20O2

17 #ymol 1157.932 1.59 ± 0.01n – C10H14O
18 β-Bourbonene 1198.317 3.20 ± 0.07i 2.05 ± 0.00j C15H24

19 cis-Jasmone 1211.611 0.68 ± 0.01t – C11H16O
20 trans-Caryophyllene 1221.563 9.58 ± 0.00c 6.36 ± 0.00c C15H24

21 β-Cubebene 1224.881 0.95 ± 0.01qr – C15H24

22 γ-Cadinene 1233.175 0.53 ± 0.01u – C15H24

23 β-Farnesene 1236.255 1.02 ± 0.00pq 0.89 ± 0.03q C15H24

24 α-Humulene 1239.810 0.72 ± 0.01t 0.59 ± 0.00s C15H24

25 α-Amorphene 1253.791 1.18 ± 0.00o – C15H24

26 β-Selinene 1258.767 0.37 ± 0.00vw – C15H24

27 β-Bisabolene 1268.009 0.80 ± 0.00s 0.59 ± 0.01s C15H24

28 δ-Cadinene 1277.488 0.63 ± 0.01t – C15H24

29 Caryophyllene oxide 1297.156 0.46 ± 0.00u 35.47 ± 0.00a C15H24O
30 (+) Spathulenol 1318.886 16.07 ± 0.00a – C15H24O
31 Calarene 1323.170 0.83 ± 0.00rs – C15H24

32 (−)-Humulene epoxide II 1331.234 1.06 ± 0.04op 1.97 ± 0.00k C15H24O
33 Widdrene 1343.825 1.45 ± 0.07n – C15H24

34 Adamantane 1348.184 – 2.22 ± 0.00i C10H16

35 Isoaromadendrene epoxide 1348.910 1.82 ± 0.02m – C15H24O
36 β-Eudesmol 1357.584 5.33 ± 0.00e 4.11 ± 0.00e C15H26O
37 Valencene 1359.806 – 1.39 ± 0.02n C15H24

38 Valeranone 1365.859 1.81 ± 0.06m 3.32 ± 0.02g C15H24O
39 Caryophyllenol-II 1368.523 2.03 ± 0.01l 3.46 ± 0.00f C15H24O
40 Calamenene 1375.786 0.68 ± 0.00t – C15H22

41 Phthalic acid 1462.468 – 0.70 ± 0.04r C8H6O4
42 Palmitic acid 1515.526 0.90 ± 0.02r 2.98 ± 0.00h C16H32O2

43 p-Cymene 1583.157 – 2.06 ± 0.01j C10H14

44 trans-Oleic acid 1600.831 – 2.02 ± 0.02j C18H34O2

Total 99.96 97.85
Monoterpenes hydrocarbons 17.37 13.65
Oxygenated monoterpenes 27.81 16.38
Sesquiterpenes hydrocarbons 21.94 11.87
Oxygenated sesquiterpenes 28.58 48.33
Others 3.76 7.6
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Caryophyllene oxide (35.47%), 1,8-cineole (9.54%), trans-caryophyllene (6.36%), β-eudesmol (4.11%), car-
yophyllenol-II (3.46%) and camphor (3.33%) were the most abundant compounds in the oil from S. hydrangea 
"owers (Table 1; Fig. 2). Caryophyllene oxide (55.4%) was also the most abundant component detected from the 
epigean parts of this plant in a previous  study39, although other studies showed di!erent results, as the amount 
of this component varied from 25.427 to 8.6%28. Caryophyllene oxide inhibits abnormal "uid accumulation in 
the intercellular spaces of both healthy and tumor  tissues42.

1,8-Cineole (9.54%) was the second most abundant bioactive in this essential oil, as reported previously 
by other authors, with some di!erences in the amount detected: 18.08%31, 15.2%28 and 9.45% (at elevations of 
1100 m above sea  level29). 1,8-Cineole has been successfully used in pharmaceutical and cosmetic $elds thanks 
to its anti-parasitic and antifungal activity and insect-repellent properties. Moreover, it has been used as a key 
component in topical mouthwashes thanks to its analgesic  properties43,44.

Figure 1.  Representative GC–MS chromatogram of essential oil from leaves of S. hydrangea.
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Trans-caryophyllene was detected in a high amount as well (6.36%) and it was the third main component of 
"ower oil. #is result is in agreement with that obtained previously by Mahdiyan et al.31, who detected a higher 
amount (17.38%) of this bioactive as it was also the third most abundant in their extractive products.

#e amount of β-eudesmol detected (4.11%) was slightly lower than that found in the essential oil previously 
prepared (5.22%) by Ebrahimi et al.29. #is small di!erence may be connected to the di!erent habitat and altitude 
in which the same plant was grown. β-Eudesmol has been used in traditional medicine mainly because of its 
diuretic, anti-hypertensive, antipyretic, antiseptic and antimicrobial  properties45–47.

Caryophyllene-II was detected for the $rst time in this study in the essential oil obtained from the "owers. 
A small amount of camphor was detected. Di!erently, it was the second main bioactive detected in the essential 
oil obtained by Ebrahimi et al.29; in particular, the amount was higher (12.06%) when the plant was cultivated at 
1100 m above sea level and lower (5.71%) when cultivated at 2000 m above sea level. #ese di!erences con$rm 
the key role of the environment (soil chemical composition and physiographic factors such as altitude) on the 

Figure 2.  Representative GC–MS chromatogram of essential oil from "owers of S. hydrangea.
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genetic and non-genetic variations of plants along with the production of secondary  metabolites35,36,48. Camphor 
is a monoterpene, widely used in traditional and modern medicine thanks to its antimicrobial properties and 
bene$cial e!ects on the cardiovascular system. Moreover, it has been used as a topical anti-itching treatment, 
insect repellent, anti-in"ammatory and  analgesic49,50. It is well accepted by patients as it has a bitter taste. In 
addition, its low solubility in aqueous solvents makes it an excellent candidate to be delivered in  nanocarriers51.

Antimicrobial activity.  Essential oils are traditionally used as antibacterial and antifungal agents in natu-
ral medicine. #e increasing interest of modern society and the pharmaceutical industry for medicinal plants, 
makes crucial the scienti$c studies aimed at con$rming these e!ects and founding new therapeutic  agents52.

In this study, considering their promising composition, the antibacterial and antifungal activity of essential 
oils from S. hydrangea leaves or "owers was assayed (Table 2). #e ANOVA results showed that there was a sig-
ni$cant di!erence between the mean inhibition halos obtained on treating di!erent microorganisms with the 
essential oil of "owers and leaves of S. hydrangea and antibiotics (P ≤ 0.05). #e essential oil from S. hydrangea 
leaves was especially active against Gram-positive bacteria including Bacillus subtilis, Staphylococcus epidermidis 
and Staphylococcus aureus as the inhibition halo was large irrespective of the concentration used (~ 9.50 mm), 
even if it was signi$cantly lower than that obtained with rifampin (19, 44 and 21 mm) and gentamicin (30, 39 
and 27 mm). Similarly, Kotan et al.30 reported a weak antibacterial e!ect of the essential oil against Staphylococ-
cus aureus (8 mm inhibition halo), while Sonboli et al.28 and Asadollahi et al.39, detected a better antibacterial 
activity, especially against Bacillus subtilis and Staphylococcus epidermidis which showed inhibition halos of 17 
and 16 mm, respectively.

#e essential oil from S. hydrangea "owers did not show any inhibition halo, except against the Gram-positive 
Staphylococcus epidermidis (~ 11 mm). It was signi$cantly lower in comparison with those obtained a(er treat-
ment with rifampin (~ 44 mm) and gentamicin (~ 39 mm).

#e antibacterial activity of essential oils, especially that of the essential oil obtained from leaves, seems to 
be mainly related to the presence of two monoterpenes: α-pinene and β-pinene. #e $rst is widely used in the 
manufacture of insecticides, sprays and disinfectants. Further, it has anti-in"ammatory, antibacterial and anti-
cancer properties, along with spasmolytic and skin redness properties. β-Pinene is generally used to manufacture 
aromatic oil and as a monomer in the production of terpene resins; moreover, it has anti-in"ammatory and 
antibacterial activity. Both monoterpenes (α- and β-pinene) have antimicrobial activity against Gram-positive 
and Gram-negative bacteria, especially Escherichia coli, Staphylococcus bacteria53,54, Staphylococcus aureus and 
Bacillus subtilis55,56.

Essential oil from leaves or "owers of S. hydrangea was also e!ective in inhibiting the growth of bacteria. 
MIC values varied from 15.63 to 2000 µg/mL as a function of the organism tested and the oil used. #e lowest 
MIC was found against Pseudomonas aeruginosa (15.63 μg/mL) irrespective of the oil used. #is value was half 
that provided by rifampin (31.25 μg/mL) and double that for gentamicin (7.81 µg/mL). Moreover, these results 
are encouraging as in previous studies any inhibitory e!ect was detected by using essential oil from the aerial 
part of the same  plant28,39.

Table 2.  Inhibition halo (IH) diameter, minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) obtained on treating microorganisms with the essential oils from leaves and "owers of 
S. hydrangea. NA indicates no activity and ND indicates not determined. Mean values ± standard deviations of 
three cultures were reported (n = 3). Values with di!erent letters are statistically di!erent (Duncan, p ≤ 0.05).

Microorganism

Leaves Flowers
Antibiotics
Rifampin Gentamicin Nystatin

IH (mm)
MIC (µg/
mL)

MBC (µg/
mL) IH (mm)

MIC (µg/
mL)

MBC (µg/
mL) IH (mm)

MIC (µg/
mL) IH (mm)

MIC (µg/
mL) IH (mm)

MIC (µg/
mL)

Shigella dysen-
teriae ND 62.5 62.5 ND 62.5 125 9 ± 0.00b 15.63 17 ± 0.01a 3.90 NA NA

Pseudomonas 
aeruginosa ND 15.63 > 15.63 > ND 15.63 > 15.63 > ND 31.25 20 ± 0.00a 7.81 NA NA

Bacillus subtilis 9.50 ± 0.00 c 250  > 1000 ND 31.25 31.25 19 ± 0.00b 31.25 30 ± 0.02a 3.90 NA NA
Staphylococcus 
epidermidis 9.50 ± 0.00d 1000 1000 10.67 ± 1.15c 250 250 44 ± 0.01a 1.95 39 ± 0.00b 1.95 NA NA

Escherichia coli ND 1000 1000 ND 31.25 125 10 ± 0.00b 15.63 23 ± 0.02a 31.25 NA NA
Staphylococcus 
aureus 9.50 ± 0.50 c 500  > 1000 ND 125 125 21 ± 0.01b 31.25 27 ± 0.03a 1.95 NA NA

Klebsiella pneu-
moniae ND 62.50 62.5 ND 62.5 62.5 8 ± 0.00b 15.63 17 ± 0.03a 3.90 NA NA

Proteus vulgaris ND 250 250 ND 125 125 8 ± 0.00b 15.63 24 ± 0.04a 15.63 NA NA
Salmonella 
paratyphi-A ND 125 125 ND 62.5 125 8 ± 0.01b 15.63 18 ± 0.01a 3.90 NA NA

Candida albicans ND 250 250 ND 1000 1000 NA NA NA NA 33 ± 0.01a 125
Aspergillu sniger ND  > 2000  > 2000 ND 2000 2000 NA NA NA NA 27 ± 0.00a 31.2
Aspergillus brasil-
iensis ND  > 2000  > 2000 ND 2000 2000 NA NA NA NA 30 ± 0.01a 31.2
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#e highest MIC (2000 µg/mL) was detected for Aspergillus brasiliensis and Aspergillus niger, which showed 
a high resistance to both oils. Inhibition of the growth of Gram-negative bacteria such as Staphylococcus epi-
dermidis and Escherichia coli was low for leaf oil (MIC = 1000 µg/mL), but always higher than that obtained by 
Sonboli et al.28 and Asadollahi et al.39, who found an MIC of 1500 µg/mL against Escherichia coli. Surprisingly, 
the MIC (31.2 µg/mL) of "ower oil against Escherichia coli, which is the main diarrhea-causing agent in humans, 
was signi$cantly higher in comparison with the corresponding oil from leaves. It was similar to that provided by 
gentamicin (31.25 µg/mL), but signi$cantly lower than that for rifampin (15.63 µg/mL).

#e MIC value of S. hydrangea essential oils was the same against the Gram-negative bacteria Shigella dysen-
teriae (62.5 µg/mL), Pseudomonas aeruginosa (15.63 µg/mL) and Klebsiella pneumoniae (62.5 µg/mL), probably 
because of the similar composition of the two oils. However, the di!erences detected in the composition of the 
oils may be responsible for the greater inhibitory e!ect of the essential oil obtained from "owers against Gram-
positive bacteria like Bacillus subtilis, Staphylococcus epidermidis and Staphylococcus aureus and Gram-negative 
bacteria such as Escherichia coli, Proteus vulgaris and Salmonella paratyphi-A. On the contrary, e.cacy against 
Candida albicans was higher when the oil from leaves was used (MIC 250 µg/mL versus 1000 µg/mL provided 
by "ower oil), especially when compared to the commercial antifungal nystatin (125 µg/mL).

In general, the ability of these essential oils to inhibit the growth of di!erent bacterial strains was lower than 
that of both rifampin and gentamicin used as controls.

Essential oils from both leaves and "owers showed very low or no e!ectiveness against Gram-negative bac-
teria, in agreement with previous  results28.

Other studies have shown that Gram-negative bacteria are more resistant to plant-derived essential oils in 
comparison with Gram-positive bacteria, probably because of the di!erent composition of the lipopolysaccharide 
membrane. Indeed, the cell wall structure of Gram-negative bacteria is more complex than that of Gram-positive 
 bacteria57,58. Due to the similar composition of oils from leaves and "owers, as reported above, the antibacterial 
activity can be attributed to the monoterpenes α- and β-pinene. However, since the amount of these two com-
pounds was lower in the oil from "owers (Table 1), the inhibition of Staphylococcus epidermidis was also lower.

#e MBC value of essential oils from both leaves and "owers varied from 15.63 to 2000 µg/mL. #e results 
underline that the MBC values provided by the oil from leaves were always equal to the MIC values except for 
that for Bacillus subtilis. Di!erently, MBC values provided by "ower oil were higher than MIC values against 
Gram-negative bacteria (Shigella dysenteriae, Escherichia coli, Proteus vulgaris and Salmonella paratyphi-A), while 
they were similar for all the other microorganisms treated. To the best of our knowledge, the MBC has been 
investigated for the $rst time in this work, thus no comparison can be made with previous studies.

#e essential oils from S. hydrangea leaves and "owers have a signi$cant inhibitory and lethal e!ect, especially 
against the Gram-negative bacterium Pseudomonas aeruginosa for which the lowest MIC and MBC values were 
found (15.63 µg/mL). #is bacterium may cause opportunistic and o(en nosocomial infections. #is e.cacy 
may be speci$c to the essential oils from the leaves and "owers of S. hydrangea. Indeed, the activity of the genus 
Salvia against Pseudomonas aeruginosa is strictly dependent on the species used. Many species of the genus 
Salvia do not show any activity against this bacterium and a signi$cant e!ect has only been reported for Salvia 
mirzayanii Rech.f. & Esfand.59. Similarly, the antimicrobial e!ect against the bacteria Shigella dysenteriae and 
Klebsiella pneumoniae, which may cause diarrhea and pneumonia, may vary as a function of the species used. In 
general, all Salvia species have signi$cant antibacterial activity against both Gram-positive and Gram-negative 
bacteria (Bacillus, Klebsiella, Pseudomonas and Salmonella) and yeasts (Candida and Aspergillus). #erefore, the 
antimicrobial properties of Salvia against food spoilage and food-borne pathogens suggest its use as a natural 
preservative in food  applications60,61.

As reported above, the antibacterial activity of essential oils obtained from di!erent species of Salvia is mainly 
connected to their composition, especially oxygenated monoterpenes, which are present in high  amounts62,63. 
#ey act by destroying the microbial cytoplasmic wall, improving its permeability and allowing the passage of 
large protons and ions. However, it is di.cult to attribute the antibacterial e!ect to a speci$c compound because 
the essential oils obtained for di!erent species may contain di!erent mixtures of  bioactives64. Further, due to the 
complexity of the composition of the essential oils, it is also di.cult to explain the mechanism of action of these 
blends, but is important to underline that the wide variety of composition is a positive factor that may limit the 
development of resistance which is otherwise very common for synthetic drugs. In light of this, essential oils 
may represent a valid alternative to avoid the multidrug resistance of many pathogens, or they could be used in 
combination with antimicrobials to improve their e!ectiveness against di!erent infectious  diseases65. In addition, 
several studies have suggested that their delivery into ad hoc formulated carriers may improve their  e.cacy66.

conclusions
#e main component of the two essential oils obtained from leaves and "owers of S. hydrangea were spathulenol, 
1,8-cineole, trans-caryophyllene, β-pinene, β-eudesmol, camphor, α-pinene and caryophyllene oxide. Both oils had 
signi$cant inhibitory and lethal e!ects on the Gram-negative bacterium Pseudomonas aeruginosa, that is not com-
mon among di!erent Salvia species. In addition, both were able to inhibit Shigella dysenteriae and Klebsiella pneu-
moniae, which are responsible for diarrhea and pneumonia in humans. Overall, the results underline the potential 
application of these oils for future development of new therapeutic systems and drug adjuvants, while additional 
tests should be performed to evaluate their e!ectiveness as food preservatives. #is is a very interesting prospect, 
which has gained large interest in the last two decades due to awareness concerning the toxicity, ine!ectiveness, 
antibiotic resistance and adverse e!ects provided by the widespread use of synthetic drugs and food preservatives.
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